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(57) ABSTRACT

The mvention relates to a catalyst for decomposing nitrous
oxide, which 1s [1] a catalyst comprising a support having
supported thereon aluminum, magnesium and rhodium, [2]
a catalyst comprising an alumina support having supported
thereon magnesium and rhodium, [3] a catalyst comprising
a support having supported thereon rhodium, the support
comprising a spinel crystalline composite oxide formed by
magnesium and at least a part of aluminum, [4] a catalyst
comprising a support having supported thereon aluminum,
rhodium and at least one metal selected from zinc, 1ron,
manganese and nickel, [5] a catalyst comprising an alumina
support having supported thereon rhodium and at least one
metal selected from zinc, iron, manganese and nickel, or [6]
a catalyst comprising a support having supported thereon
rhodium, the support comprising a spinel crystalline com-
posite oxide formed by at least a part of aluminum and the
at least one metal selected from zinc, 1ron, manganese and
nickel. The catalyst 1s not easily deteriorated in the activity
due to moisture, favored with low-temperature decomposi-
fion activity and capable of reducing the amount of NOx
ogenerated to the allowable concentration or less. The inven-
fion also relates to a process for producing the catalyst and
to a method for decomposing nitrous oxide.

45 Claims, No Drawings
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CATALYST FOR DECOMPOSING NITROUS
OXIDE, PROCESS FOR PRODUCING THE
SAME AND METHOD FOR DECOMPOSING
NITROUS OXIDE

CROSS REFERENCE TO THE RELATED
APPLICATIONS

This 1s an application based on the prescription of 35
U.S.C. Section 111(a) with claiming the benefit of filing date
of U.S. Provisional applications Ser. No. 60/241,748 filed
Oct. 20, 2000 under the provision of 35 U.S.C. 111(b),
pursuant to 35 U.S.C. Section 119(e)(1).

TECHNICAL FIELD

The present invention relates to a catalyst for use in
decomposing and removing nitrous oxide (N,O) contained
in an exhaust gas discharged from factories or incineration
facilities, or contained 1n an anesthetic gas discharged from
an operating room, and also relates to a process for produc-
ing the catalyst and a method for decomposing nitrous oxide.

BACKGROUND OF THE INVENTION

Nitrogen oxides contained in exhaust gases discharged
from factories, incineration facilities and the like are strictly
regulated on the amount thereof discharged because these
have an adverse effect on the human body and additionally
work out to a substance causing acid rain. The nitrogen
oxide generally called NOx which has been heretofore a
target of the exhaust regulation, includes nitrogen monoxide
(NO) and nitrogen dioxide (NO,). For eliminating these
nitrogen oxides, a catalytic reduction process using a reduc-
ing substance, or a ternary catalyst process 1s already put
into practical use. In recent years, a process of allowing
hydrocarbon to coexist in the presence of a zeolite or
alumina catalyst has been proposed.

Out of nitrogen oxides, nitrous oxide has been heretofore
not regulated on the exhaust value and released into atmo-
sphere without passing through any decomposition treat-
ment. However, at the International Global Warming Con-
ference (COP3), nitrous oxide is, as well as nitrogen dioxide,
methane and flon, particularly taken notice of as a global
pollutant which brings about elevation of temperature due to
greenhouse effect (the warming effect is as high as about 300
times the carbon dioxide) and the concern about the reduc-
tion 1n the release of nitrous oxide to atmosphere 1is
Increasingly growing.

Under these circumstances, means for removing nitrous
oxide contained 1n exhaust gas i1s being aggressively studied
and several methods have been proposed. For example, for
removing nitrous oxide, a catalytic reduction process of
reacting the exhaust gas with a catalyst in the presence
together of a reducing gas (see, JP-A-2-068120 (the term
“JP-A” as used herein means an “unexamined published
Japanese patent application™)) and a catalyst comprising
zeolite-type support having supported thereon a transition
metal (see, JP-A-4-363143) are known. These means have,
however, a problem 1n that the treatment temperature 1s high
or when moisture 1s present 1n the gas treated, the catalyst 1s
deactivated.

In the medical field, contamination of an operating room
by anesthetic gas and adverse effect on the health of workers
have been taken as a matter of 1ssue since 1960. It 1s known
that as a result of long term inhalation of the anesthetic gas
(2 mixed gas containing nitrous oxide and a wvolatile
anesthetic) leaked in the operating room, the health is
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disordered. In the U.S.A., the National Institute for Occu-
pational Safety and Health (NIOSH) recommends to reduce,
as a permissible standard, nitrous oxide (N,O) to 25 ppm or
less and a volatile anesthetic to 2 ppm 1n the case of a sole
use and to 0.5 ppm or less 1n the case of a combination use
with nitrous oxide. Accordingly, all anesthesia machines are
obliged to be equipped with a waste anesthetic gas removing
apparatus and at the present time, the environment in the
operating room can reach the above-described levels.

The waste anesthetic gas removing apparatus 1s an appa-
ratus for discharging the waste anesthetic gas outdoors from
the exhalation of a patient by letting a compression air or the
like to accompany the gas. However, the gas discharged
from each operating room by the waste anesthetic gas
removing apparatus 1s released into atmosphere without
passing through any treatment at the present time. This
technique may 1mprove the environment within the operat-
ing room but 1s disadvantageous 1 view of the environmen-
tal 1ssue of global warming from the reasons described
above and the anesthetic gas 1s demanded to remove or be
rendered harmless before the release 1into atmosphere.

Known examples of the catalyst capable of decomposing
nitrous oxide 1n the waste anesthetic gas include:

(1) a catalyst mainly comprising at least one member
selected from the group consisting of platinum, palladium,
rhodium, iridium and ruthenium (see, JP-B-61-045486 (the
term “JP-B” as used herein means an “examined Japanese
patent publication’));

(2) a catalyst containing an iron family metal and an oxide
of a rare earth element or a catalyst having further added
thereto at least one platinum family (see, JP-B-61-45487);

(3) a catalyst mainly comprising a mixture of cupric oxide
and chrommum oxide or a catalyst having further added
thereto at least one member selected from the group con-

sisting of ferric oxide, nickel oxide, cobalt oxide and man-
ganese dioxide (see, U.S. Pat. No. 4,259,303); and

(4) a catalyst mainly comprising at least one of ferric
oxide and chromium oxide (see, U.S. Pat. No. 4,259,303).

However, according to the process for decomposing
nitrous oxide using the catalyst described in (2), (3) and (4)
above, nitrous oxide 1n a high concentration may be decom-
posed but nitrogen monoxide (NO) and nitrogen dioxide
(NO,) (hereinafter sometimes collectively referred to as
“NOx”) as nitrogen oxides are produced in an amount of 5
to 32 ppm, thus, generation of NOx 1 excess of the
allowable concentration of 3 ppm (TWA, time weighted
average) for NO, remains as a problem. According to the
process for decomposing nitrous oxide using the catalyst
described in (1), when moisture in an amount of, for
example, approximately from 1 to 3% 1s present in the
reaction gas, the catalyst may decrease in the activity, and
this remains as a problem to be solved.

The present invention has been made under these circum-
stances and the object of the present invention 1s to provide
a catalyst for decomposing nitrous oxide, which 1s not easily
deteriorated due to moisture, has low-temperature decom-
position activity and can reduce the amount of NOx gener-
ated to lower than the allowable concentration. The object of
the present 1nvention includes providing a process for pro-
ducing the catalyst and a method for decomposing nitrous
oxide.
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SUMMARY OF INVENTION

As a result of extensive mvestigations to solve the above-
described problems, the present 1nventors have found that
these problems can be solved by using any one of the
following catalysts [1] to [6]:

[1] a catalyst comprising a support having supported
thereon aluminum, magnesium and rhodium,

[2] a catalyst comprising an alumina support having
supported thereon magnesium and rhodium,

3] a catalyst comprising a support having supported
thereon rhodium, the support comprising a spinel crystalline
composite oxide formed by magnesium and at least a part of
aluminum,

4] a catalyst comprising a support having supported
thereon aluminum, rhodium and at least one metal selected
from the group consisting of zinc, 1ron, manganese and
nickel,

5] a catalyst comprising an alumina support having
supported thereon rhodium and at least one metal selected
from the group consisting of zinc, 1iron, manganese and
nickel, and

|6] a catalyst comprising a support having supported
thereon rhodium, the support comprising a spinel crystalline
composite oxide formed by at least a part of aluminum and
the at least one metal selected from the group consisting of
zinc, 1ron, manganese and nickel. The present invention has
been accomplished based on this finding. The present inven-

tion relates to the following matters [1] to [73].

[ 1] A catalyst for decomposing nitrous oxide, comprising a
support having supported thercon aluminum, magnesium
and rhodium.

| 2] The catalyst for decomposing nitrous oxide as described
in [ 1], wherein the support is at least one support selected
from the group consisting of alumina, silica, zirconia,
ceria, titania and tin oxide.

| 3] A catalyst for decomposing nitrous oxide, comprising an
alumina support having supported thereon magnesium
and rhodium.

| 4] The catalyst for decomposing nitrous oxide as described
in[1]or[3], wherein aluminum is contained in an atomic
ratio of 2 or more to magnesium.

| 5] The catalyst for decomposing nitrous oxide as described
in [1] or [3], wherein at least a part of aluminum forms a
spinel crystalline composite oxide with magnesium.

|6] The catalyst for decomposing nitrous oxide as described
in [1] or [3], wherein magnesium 1s contained in an
amount of 0.1 to 20.0% by mass based on the catalyst as
a whole.

| 7] The catalyst for decomposing nitrous oxide as described
in [1] or [ 3], wherein rhodium is contained in an amount
of 0.05 to 10% by mass based on the catalyst as a whole.

| 8] A catalyst for decomposing nitrous oxide, comprising a
support having supported thereon rhodium, said support
comprising a spinel crystalline composite oxide formed
by magnesium and at least a part of aluminum.

9] The catalyst for decomposing nitrous oxide as described
in [8], wherein aluminum is contained in an atomic ratio

of 2 or more to magnesium.

|10] The catalyst for decomposing nitrous oxide as
described in [8], wherein magnesium is contained in an
amount of 0.1 to 20.0% by mass based on the catalyst as
a whole.

| 11] The catalyst for decomposing nitrous oxide as described
in [ 8], wherein rhodium is contained in an amount of 0.05
to 10% by mass based on the catalyst as a whole.

| 12] A catalyst for decomposing nitrous oxide, comprising a
support having supported thereon aluminum, rhodium and
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at least one metal selected from the group consisting of
zinc, 1ron, manganese and nickel.

|13] The catalyst for decomposing nitrous oxide as
described in [12], wherein the support is at least one
support selected from the group consisting of alumina,
zirconia, ceria, titania and tin oxide.

[14] A catalyst for decomposing nitrous oxide, comprising
an alumina support having supported thereon rhodium
and at least one metal selected from the group consisting

of zinc, 1ron, manganese and nickel.

[15] The catalyst for decomposing nitrous oxide as
described in [12] or [14], wherein aluminum is contained
in an atomic ratio of 2 or more to the at least one metal
selected from the group consisting of zinc, 1ron, manga-
nese and nickel.

|16] The catalyst for decomposing nitrous oxide as
described in [12] or [14], wherein at least a part of
aluminum forms a spinel crystalline composite oxide with
the at least one metal selected from the group consisting,

of zinc, iron, manganese and nickel.

|17] The catalyst for decomposing nitrous oxide as
described in [12] or [14], wherein the at least one metal
selected from the group consisting of zinc, 1ron, manga-
nese and nickel 1s contained 1n an amount of 0.1 to 40.0%
by mass based on the catalyst as a whole.

[18] The catalyst for decomposing nitrous oxide as
described in [12] or [ 14 ], wherein rhodium is contained in

an amount of 0.05 to 109% by mass based on the catalyst

as a whole.

[19] A catalyst for decomposing nitrous oxide, comprising a
support having supported thereon rhodium, said support
comprising a spinel crystalline composite oxide formed
by at least a part of aluminum and at least one metal
selected from the group consisting of zinc, 1ron, manga-
nese and nickel.

|20] The catalyst for decomposing nitrous oxide as
described in [19], wherein aluminum is contained in an
atomic ratio of 2 or more to the at least one metal selected
from the group consisting of zinc, iron, manganese and
nickel.

[21] The catalyst for decomposing nitrous oxide as
described 1n [ 19], wherein the at least one metal selected
from the group consisting of zinc, iron, manganese and
nickel 1s contained 1n an amount of 0.1 to 40.0% by mass
based on the catalyst as a whole.

|22] The catalyst for decomposing nitrous oxide as
described 1n [19], wherein rhodium is contained in an
amount of 0.05 to 10% by mass based on the catalyst as
a whole.

|23] The catalyst for decomposing nitrous oxide as
described in [1], [3], [8], [12], [14] or [19], wherein the
amount of NOx generated at the decomposition of nitrous
oxide 1s 1 ppm or less.

[24] A process for producing a catalyst for decomposing
nitrous oxide described in [1], comprising the following
three steps:

(1) a step of loading aluminum and magnesium on a
support,

(2) a step of calcining the support having supported
thereon aluminum and magnesium obtained in the step (1);
and

(3) a step of loading rhodium on the calcined support
obtained in the step (2) and then calcining the support.
[25] A process for producing acatalyst for decomposing

nitrous oxide described in [8], comprising the following

three steps:
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(1) a step of loading aluminum and magnesium on a
support,

(2) a step of calcining the support having supported
thereon aluminum and magnesium obtained in the step (1);
and

(3) a step of loading rhodium on the calcined support
obtained in the step (2) and then calcining the support.
|26] The process for producing a catalyst for decomposing

nitrous oxide as described in [24] or [25], wherein the

support 1s at least one support selected from the group
consisting of alumina, silica, zirconia, ceria, titania and tin
oxide.

|27] The process for producing a catalyst for decomposing
nitrous oxide as described in [24] or [25], wherein alu-

minum 15 supported m an atomic ratio of 2 or more to

magnesiuim.

| 28] The process for producing a catalyst for decomposing
nitrous oxide as described in [24] or [25], wherein the
amount of magnesium supported 1s from 0.1 to 20.0% by
mass based on the catalyst as a whole.

[29] The process for producing a catalyst for decomposing
nitrous oxide as described in [24] or [25], wherein the
amount of rhodium supported 1s from 0.05 to 10% by
mass based on the catalyst as a whole.

|30] A process for producing a catalyst for decomposing
nitrous oxide described in [12], comprising the following
three steps:

(1) a step of loading aluminum and at least one metal
selected from the group consisting of zinc, iron, manganese
and nickel on a support;

(2) a step of calcining the support having supported
thereon aluminum and at least one metal selected from the
group consisting of zinc, 1ron, manganese and nickel,
obtained in the step (1); and

(3) a step of loading rhodium on the calcined support
obtained in the step (2) and then calcining the support.
|31] A process for producing a catalyst for decomposing

nitrous oxide described in [19], comprising the following

three steps:

(1) a step of loading aluminum and at least one metal
selected from the group consisting of zinc, iron, manganese
and nickel on a support;

(2) a step of calcining the support having supported
thereon aluminum and at least one metal selected from the
group consisting of zinc, 1ron, manganese and nickel,
obtained in the step (1); and

(3) a step of loading rhodium on the calcined support
obtained in the step (2) and then calcining the support.
|32] The process for producing a catalyst for decomposing

nitrous oxide as described in [30] or [31], wherein the

support 1s at least one support selected from the group
consisting of alumina, zirconia, ceria, titania and tin
oxide.

|33] The process for producing a catalyst for decomposing
nitrous oxide as described in [30] or [31], wherein alu-
minum 1S supported 1n an atomic ratio of 2 or more to the
at least one metal selected from the group consisting of
zinc, 1ron, manganese and nickel.

|34] The process for producing a catalyst for decomposing
nitrous oxide as described in [30] or [31], wherein the
amount supported of the at least one metal selected from
the group consisting of zinc, iron, manganese and nickel
1s from 0.1 to 40.0% by mass based on the catalyst as a
whole.

|35] The process for producing a catalyst for decomposing
nitrous oxide as described in [30] or [31], wherein the
amount of rhodium supported 1s from 0.05 to 10% by
mass based on the catalyst as a whole.
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[36] A process for producing a catalyst for decomposing
nitrous oxide described in [3], comprising the following
three steps:

(1) a step of loading magnesium on an alumina support;

(2) a step of calcining the support having supported
thereon magnesium obtained in the step (1);

(3) a step of loading rhodium on the calcined support
obtained in the step (2) and then calcining the support.
[37] A process for producing a catalyst for decomposing

nitrous oxide described in [8], comprising the following

three steps:

(1) a step of loading magnesium on an alumina support;

(2) a step of calcining the support having supported
thereon magnesium obtained in the step (1);

(3) a step of loading rhodium on the calcined support
obtained in the step (2) and then calcining the support.
|38] The process for producing a catalyst for decomposing

nitrous oxide as described in [36] or [37], wherein the

amount of magnesium supported 1s Y2 or less 1 terms of
the atomic ratio to aluminum.

[39] The process for producing a catalyst for decomposing
nitrous oxide as described in [36] or [37], wherein the
amount of magnesium supported 1s from 0.1 to 20.0% by
mass based on the catalyst as a whole.

|40] The process for producing a catalyst for decomposing
nitrous oxide as described in [36] or [37], wherein the
amount of rhodium supported 1s from 0.05 to 10% by
mass based on the catalyst as a whole.

[41] A process for producing a catalyst for decomposing
nitrous oxide described in [14], comprising the following
three steps:

(1) a step of loading at least one metal selected from the
group consisting of zinc, iron, manganese and nickel on an
alumina support;

(2) a step of calcining the support having supported
thereon at least one metal selected from the group consisting
of zinc, iron, manganese and nickel, obtained in the step (1);

(3) a step of loading rhodium on the calcined support
obtained in the step (2) and then calcining the support.
[42] A process for producing acatalyst for decomposing

nitrous oxide described in [19], comprising the following

three steps:

(1) a step of loading at least one metal selected from the
group consisting of zinc, iron, manganese and nickel on an
alumina support;

(2) a step of calcining the support having supported
thereon at least one metal selected from the group consisting
of zinc, iron, manganese and nickel, obtained in the step (1);

(3) a step of loading rhodium on the calcined support
obtained in the step (2) and then calcining the support.
|43] The process for producing a catalyst for decomposing

nitrous oxide as described in [41] or [42], wherein the

amount supported of at least one metal selected from the

ogroup consisting of zinc, irron, manganese and nickel 1s 12

or less 1n terms of the atomic ratio to aluminum.

|44 The process for producing a catalyst for decomposing
nitrous oxide as described in [41] or [42], wherein the
amount supported of the at least one metal selected from
the group consisting of zinc, 1rron, manganese and nickel
1s from 0.1 to 40.0% by mass based on the catalyst as a
whole.

|45] The process for producing a catalyst for decomposing
nitrous oxide as described in [41] or [42], wherein the
amount of rhodium supported 1s from 0.05 to 10% by
mass based on the catalyst as a whole.

[46] A process for producing a catalyst for decomposing
nitrous oxide described in [8], comprising the following
three steps:
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(1) a step of neutralization-precipitating an aluminum salt
and a magnesium salt;

(2) a step of calcining the precipitate obtained in the step
(1); and

(3) a step of loading rhodium on the calcined material
obtained in the step (2) and then calcining the material.
|47] The process for producing a catalyst for decomposing

nitrous oxide as described in [46], wherein aluminum is

contained in an atomic ratio of 2 or more to magnesium.

| 48] The process for producing a catalyst for decomposing
nitrous oxide as described in [46], wherein magnesium is
contained 1 an amount of 0.1 to 20.0% by mass based on
the catalyst as a whole.

[49] The process for producing a catalyst for decomposing
nitrous oxide as described 1n [46], wherein the amount of
rhodium supported 1s from 0.05 to 10% by mass based on
the catalyst as a whole.

[50] A process for producing a catalyst for decomposing
nitrous oxide described in [19], comprising the following
three steps:

(1) a step of neutralization-precipitating an aluminum salt
and at least one metal salt selected from the group consisting
of zinc, 1ron, manganese and nickel;

(2) a step of calcining the precipitate obtained in the step
(1); and

(3) a step of loading rhodium on the calcined material
obtained in the step (2) and then calcining the material.
[51] The process for producing a catalyst for decomposing

nitrous oxide as described in [50], wherein aluminum is

contained 1n an atomic ratio of 2 or more to the at least one
metal selected from the group consisting of zinc, 1ron,
manganese and nickel.

|52] The process for producing a catalyst for decomposing
nitrous oxide as described in [50], wherein at least one
metal selected from the group consisting of zinc, iron,
manganese and nickel 1s contained 1n an amount of 0.1 to
40.0% by mass based on the catalyst as a whole.

53] The process for producing a catalyst for decomposing
nitrous oxide as described 1n [50], wherein the amount of
rhodium supported 1s from 0.05 to 10% by mass based on
the catalyst as a whole.

[54] A process for producing a catalyst for decomposing
nitrous oxide described in [3], comprising the following
three steps:

(1) a step of mixing alumina and/or aluminum hydroxide
with magnesium oxide, magnesium hydroxide and/or mag-
nesium salt;

(2) a step of calcining the mixture obtained in the step (1);
and

(3) a step of loading rhodium on the calcined material
obtained in the step (2) and then calcining the material.
[55] A process for producing a catalyst for decomposing

nitrous oxide described in [8], comprising the following

three steps:

(1) a step of mixing alumina and/or aluminum hydroxide
with magnesium oxide, magnesium hydroxide and/or mag-
nesium salt;

(2) a step of calcining the mixture obtained in the step (1);
and

(3) a step of loading rhodium on the calcined material
obtained in the step (2) and then calcining the material.
|56] The process for producing a catalyst for decomposing

nitrous oxide as described in [54] or [55], wherein alu-

minum 1s contained 1n an atomic ratio of 2 or more to
magnesium.

|57] The process for producing a catalyst for decomposing
nitrous oxide as described in [54] or [55], wherein mag-
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nesium 1s contained 1n an amount of 0.1 to 20.0% by mass

based on the catalyst as a whole.

|58] The process for producing a catalyst for decomposing
nitrous oxide as described in [54] or [55], wherein the
amount of rhodium supported 1s from 0.05 to 10% by
mass based on the catalyst as a whole.

[59] A process for producing a catalyst for decomposing
nitrous oxide described in [14], comprising the following
three steps:

(1) a step of mixing alumina and/or aluminum hydroxide
with an oxide, a hydroxide and/or a metal salt of at least one
metal selected from the group consisting of zinc, iron,
manganese and nickel;

(2) a step of calcining the mixture obtained in the step (1);
and

(3) a step of loading rhodium on the calcined material
obtained in the step (2) and then calcining the material.
[60] A process for producing a catalyst for decomposing

nitrous oxide described in [19], comprising the following

three steps:

(1) a step of mixing alumina and/or aluminum hydroxide
with an oxide, a hydroxide and/or a metal salt of at least one
metal selected from the group consisting of zinc, iron,
manganese and nickel;

(2) a step of calcining the mixture obtained in the step (1);
and

(3) a step of loading rhodium on the calcined material
obtained in the step (2) and then calcining the material.
|61] The process for producing a catalyst for decomposing

nitrous oxide as described in [59] or [60] wherein alumi-

num 1s contained 1n an atomic ratio of 2 or more to the at
least one metal selected from the group consisting of zinc,
iron, manganese and nickel.

|62] The process for producing a catalyst for decomposing
nitrous oxide as described in [59] or [60], wherein the at
least one metal selected from the group consisting of zinc,
iron, manganese and nickel 1s contained 1n an amount of
0.1 to 40.0% by mass based on the catalyst as a whole.

|63] The process for producing a catalyst for decomposing
nitrous oxide as described in [59] or [60], wherein the
amount of rhodium supported 1s from 0.05 to 10% by
mass based on the catalyst as a whole.

|64] The process for producing a catalyst for decomposing
nitrous oxide as described in [24], [25], [30], [31], [36],
[37], [41], [42], [46], [50], [54], [55], [59] or [60],
wherein the calcining temperature in the step (2) is from
400 to 900° C.

|65] The process for producing a catalyst for decomposing
nitrous oxide as described in [24], [25], [30], [31], [36],
137], [41], [42], [46], |50], [54], [55], [59] or [60],
wherein the calcining temperature in the step (3) is from
200 to 500° C.

|66] The process for producing a catalyst for decomposing
nitrous oxide as described in [24], [25], [30], [31], [36],
[37], [41], [42], [46], |50], [54], [55], [59] or [60],
wherein a reduction treatment step 1s performed after the
step (3).

|67] The process for producing a catalyst for decomposing
nitrous oxide as described in [66], wherein the reduction
treatment step 1s hydrogen reduction treatment step.

|68] The process for producing a catalyst for decomposing
nitrous oxide as described in [67], wherein the hydrogen

reduction treatment temperature is from 400 to 900° C.
[69] A method for decomposing nitrous oxide, comprising

contacting the catalyst for decomposing nitrous oxide

described in any one of [1] to [23] with a gas containing
nitrous oxide.
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| 70] The method for decomposing nitrous oxide as described
in [ 69], wherein the contacting temperature is from 200 to
600° C.

| 71] The method for decomposing nitrous oxide as described
in [69], wherein the gas decomposed is nitrous oxide
contained 1 an anesthetic gas and the concentration of
nitrous oxide 1s 70% or less.

| 72] The method for decomposing nitrous oxide as described
in [69], wherein the gas decomposed is nitrous oxide
contained 1n an exhaust gas discharged from factories or
incineration facilities and the concentration of nitrous
oxide 1s 10% or less.

| 73] The method for decomposing nitrous oxide as described
in [69], wherein the amount of NOx generated at the
decomposition of nitrous oxide 1s 1 ppm or less.

DETAILED DESCRIPTION OF INVENTION

The present invention 1s described 1n detail below.

The concentration of nifrous oxide contained 1n an
exhaust gas discharged from factories or incineration facili-
ties 1s 10% or less. On the other hand, the waste anesthetic
gas 1s somewhat diluted with compressed air by the waste
anesthetic gas removing apparatus, nevertheless, the con-
centration of nitrous oxide contained in a waste anesthetic
gas discharged from an operating room 1s very high and 70%
or less. The catalyst for decomposing nitrous oxide of the
present 1nvention 1s a catalyst which can cope with the
decomposition of nitrous oxide having from low to high
concentration.

The catalyst for decomposing nitrous oxide of the present
invention 1s advantageous 1n that the decomposition treat-
ment can be performed at a relatively low temperature, the
deterioration 1n activity hardly occurs even when moisture 1s
present together, the amount of NOx generated can be
controlled to lower than the allowable concentration, and the
amount of NOx generated can be reduced to from about %o
to %100 of that 1n a treatment using conventional decompo-
sition catalysts.

The catalyst for decomposing nitrous oxide of the present
invention can be at least one catalyst selected from the
following catalysts [1] to [3] containing three kinds of
metals, namely, aluminum, magnesium and rhodium, as
essential components:

[1] a catalyst comprising a support having supported
thereon aluminum, magnesium and rhodium,

[2] a catalyst comprising an alumina support having
supported thereon magnesium and rhodium, and

3] a catalyst comprising a support having supported
thereon rhodium, the support comprising a spinel crystalline
composite oxide formed by magnesium and at least a part of
aluminum, and the following catalysts [4] to [6] containing
two kinds of metals, namely, aluminum and rhodium, and at
least one metal selected from the group consisting of zinc,
iron, manganese and nickel, as essential components:

[4] a catalyst comprising a support having supported
thereon aluminum, rhodium and at least one metal selected
from the group consisting of zinc, 1ron, manganese and
nickel,

5] a catalyst comprising an alumina support having
supported thereon rhodium and at least one metal selected
from the group consisting of zinc, 1ron, manganese and
nickel, and

|6] a catalyst comprising a support having supported
thereon rhodium, the support comprising a spinel crystalline
composite oxide formed by at least a part of aluminum and
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the at least one metal selected from the group consisting of
zinc, 1ron, manganese and nickel.

For the support used in the catalyst [1], a support selected
from the group consisting of alumina, silica, zirconia, ceria,
fitania and tin oxide can be used and for the support used 1n
the catalyst [4], a support selected from the group consisting
of alumina, zirconia, ceria, titanium and tin oxide can be
used. In each case, the support which can be used has a
surface area of approximately from 30 to 300 m~/g. The
shape thereof 1s not particularly limited, however, according
to the reactor or reaction form, an appropriate shape can be
selected, such as particle, powder and honeycomb.

In the catalyst [1], the aluminum and magnesium sup-
ported on the support are preferably contained such that
aluminum 1s 1n an atomic ratio of 2 or more to magnesium.
The magnesium 1s preferably contained, 1n terms of the
metal atom, 1n an amount of 0.1 to 20.0% by mass based on
the catalyst as a whole.

At least a part of aluminum preferably forms a spinel
crystalline composite oxide with magnesium. The spinel
crystalline composite oxide can be produced, for example,
by calcining a support having supported thereon aluminum
and magnesium. The spinel structure 1s a structure observed
in oxides having a chemical formula of XY,O, and belongs
to a cubic system. Al and Mg are known to form a spinel
structure of MgAl,O,. Although the reasons are not clearly
known, 1t 1s presumed that 1n the catalyst for decomposing
nitrous oxide of the present invention, at least a part of
aluminum forms a spinel crystalline composite oxide with
magnesium and by virtue of this structure, the ability of
decomposing nitrous oxide can be improved and at the same
time, the effect of reducing the amount of NOx generated
can be brought out.

In the catalyst [4], the aluminum and at least one metal
selected from the group consisting of zinc, 1rron, manganese
and nickel, supported on the support are preferably con-
tained such that aluminum 1s 1n an atomic ratio of 2 or more
to the at least one metal selected from the group consisting
of zinc, 1iron, manganese and nickel. Furthermore, the at
least one metal selected from the group consisting of zinc,
iron, manganese and nickel 1s preferably contained 1n an
amount of, 1n terms of the metal atom, from 0.1 to 40.0% by
mass based on the catalyst as a whole.

At least a part of aluminum preferably forms a spinel
crystalline composite oxide with the at least one metal
selected from the group consisting of zinc, 1rron, manganese
and nickel. The spinel crystalline composite oxide can be
produced by calcining a support having supported thereon
aluminum and at least one metal selected from the group
consisting of zinc, irron, manganese and nickel. Aluminum 1s
known to form a spinel structure of MAL,O, (M=Zn, Fe,
Mn, Ni1) with zinc, iron, manganese or nickel. Although the
reasons are not clearly known, 1t 1s presumed that i the
catalyst for decomposing nitrous oxide of the present
invention, at least a part of aluminum forms a spinel
crystalline composite oxide with at least one metal selected
from the group consisting of zinc, 1ron, manganese and
nickel and by virtue of this structure, the ability of decom-
posing nitrous oxide can be improved and at the same time,
the effect of reducing the amount of NOx generated can be
brought out.

The support for use in the catalyst [2] is alumina and the
alumina 1s not particularly limited, however, the alumina
which can be used has a surface area of approximately 50 to
300 m?/g. The magnesium supported on alumina is prefer-
ably contained such that aluminum is 1n an atomic ratio of
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2 or more to magnesium. Also, the magnesium 1s preferably
contained, 1n terms of the metal atom, 1n an amount of 0.1
to 20.0% by mass based on the catalyst as a whole.
Furthermore, at least a part of aluminum preferably forms a
spinel crystalline composite oxide with magnesium.

The support for use in the catalyst [5] is alumina and the
alumina 1s not particularly limited, however, the alumina
which can be used has a surface area of approximately 50 to
300 m*/g. The at least one metal selected from the group
consisting of zinc, iron, manganese and nickel, which 1is

supported on alumina, 1s preferably contained such that
aluminum 1s 1n an atomic ratio of 2 or more to the at least

one metal selected from the group consisting of zinc, 1ron,
manganese and nickel. Also, the at least one metal selected
from the group consisting of zinc, 1ron, manganese and
nickel 1s preferably contained, 1n terms of the metal atom, 1n
an amount of 0.1 to 40.0% by mass based on the catalyst as
a whole. Furthermore, at least a part of aluminum preferably
forms a spinel crystalline composite oxide with the at least
one metal selected from the group consisting of zinc, 1ron,
manganese and nickel.

The catalyst [3] uses a support in which a spinel crystal-
line composite oxide 1s formed by magnesium and at least a
part of aluminum. In the catalyst [3], aluminum and mag-
nesium are preferably contained such that aluminum 1s 1in an
atomic ratio of 2 or more to magnesium. Also, the magne-
sium 1s preferably contained, in terms of the metal atom, in
an amount of 0.1 to 20.0% by mass based on the catalyst as
a whole.

The catalyst [6] uses a support in which a spinel crystal-
line composite oxide 1s formed by at least a part of alumi-
num and the at least one metal selected from the group
consisting of zinc, iron, manganese and nickel. In the
catalyst [6], aluminum and the at least one metal selected
from the group consisting of zinc, 1ron, manganese and
nickel are preferably contained such that aluminum 1s 1n an
atomic ratio of 2 or more to the at least one metal selected
from the group consisting of zinc, 1ron, manganese and
nickel. Also, the at least one metal selected from the group
consisting of zinc, iron, manganese and nickel 1s preferably
contained, 1n terms of the metal atom, 1n an amount of 0.1
to 40.0% by mass based on the catalyst as a whole.

In any of the catalysts [1] to [6] for decomposing nitrous
oxide of the present mnvention, rhodium 1s preferably con-
tained 1 the catalyst, 1n terms of the metal atom, 1n an
amount of 0.05 to 10% by mass, more preferably from 0.1
to 6.0% by mass, based on the catalyst as a whole. By
increasing the amount of rhodium supported, the catalyst
activity at low temperatures may be improved, however,
loading 1n excess of 10% by mass 1s not preferred 1 view
of the catalyst cost and 1if the amount supported 1s less than
0.05% by mass, sufficiently high activity of decomposing
nitrous oxide cannot be obtained.

The process for producing the catalyst for decomposing,
nitrous oxide of the present invention 1s described below.

The catalyst for decomposing nitrous oxide of the present
invention can be produced by various methods such as (1)
impregnation method, (2) co-precipitation method and (3)
kneading method. The process for producing the catalyst for
decomposing nitrous oxide of the present imvention 1is
described below by referring to these three methods.

(1) Production Process of Catalyst Using Impregnation
Method

By using the impregnation method, the above-described
catalysts [1] to [ 6] can be produced.

In the case of producing the catalyst [1], a support
selected from the group consisting of alumina, silica,
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zirconia, ceria, titania and tin oxide 1s 1mpregnated with
inorganic acid salts (e.g., nitrate, hydrochloride, sulfate) or
organic acid salts (e.g., oxalate, acetate) of aluminum and
magnesium. In the case of producing the catalyst [4], a
support selected from the group consisting of alumina,
zirconla, ceria, titania and tin oxide 1s impregnated with
inorganic acid salts (e.g., nitrate, hydrochloride, sulfate) or
organic acid salts (e.g., oxalate, acetate) of alumina and at
least one metal selected from the group consisting of zinc,
iron, manganese and nickel.

In the case of producing the catalyst [2], an alumina
support 1s 1impregnated with an inorganic acid salt (e.g.,
nitrate, hydrochloride, sulfate) or organic acid salt (e.g.,
oxalate, acetate) of magnesium. In the case of producing the
catalyst [5], an alumina support 1s impregnated with an
inorganic acid salt (e.g., nitrate, hydrochloride, sulfate) or
organic acid salt (e.g., oxalate, acetate) of at least one metal
selected from the group consisting of zinc, 1rron, manganese
and nickel. The aluminum salt, the magnesium salt and the
salt of at least one metal selected from the group consisting
of zinc, 1iron, manganese and nickel each i1s preferably
nitrate.

In the case of producing the catalyst [1], aluminum and
magnesium are preferably supported on a support such that
aluminum 1s 1n an atomic ratio of 2 or more to magnesium
and also such that the amount of magnesium supported 1s
from 0.1 to 20.0% by mass based on the catalyst as a whole.
In the case of producing the catalyst [4], aluminum and the
at least one metal selected from the group consisting of zinc,
iron, manganese and nickel are preferably supported on a
support such that aluminum 1s 1n an atomic ratio of 2 or more
to the at least one metal selected from the group consisting
of zinc, 1iron, manganese and nickel and also such that the
amount supported of the at least one metal selected from the
group consisting of zinc, 1rron, manganese and nickel 1s from
0.1 to 40.0% by mass based on the catalyst as a whole.

In the case of producing the catalyst [2], magnesium is
preferably supported such that magnesium 1s 1n an atomic
ratio of ¥ or less to aluminum and also such that the amount
of magnesium supported 1s from 0.1 to 20.0% by mass based
on the catalyst as a whole. In the case of producing the
catalyst [5], the at least one metal selected from the group
consisting of zinc, iron, manganese and nickel 1s preferably
supported on a support such that the at least one metal
selected from the group consisting of zinc, 1rron, manganese
and nickel 1s 1n an atomic ratio of Y2 or less to aluminum and
also such that the amount supported of the at least one metal
selected from the group consisting of zinc, 1rron, manganese
and nickel 1s from 0.1 to 40.0% by mass based on the
catalyst as a whole.

After the objective salt 1s supported on a support, the
support 1s dried and calcined, as a result, a support com-
prising aluminum and magnesium with at least a part of
aluminum forming a spinel crystalline composite oxide with
magnesium can be obtained. This support 1s used as the
support of the catalyst [1]. In the same manner, a support
comprising aluminum and at least one metal selected from
the group consisting of zinc, iron, manganese and nickel
with at least a part of aluminum forming a spinel crystalline
composite oxide with the at least one metal selected from the
group consisting of zinc, iron, manganese and nickel. This
support 1s used as the support of the catalyst [4]. For
example, the temperature at the drying after aluminum salt
and magnesium salt are impregnated in the catalyst[1], and
the temperature at the drying after aluminum salt and a salt
of at least one metal selected from the group consisting of
zinc, 1ron, manganese and nickel are impregnated are not
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particularly limited but each temperature 1s preferably in the
range from 80 to 150° C., more preferably from 100 to 130°
C. Also, the drying atmosphere i1s not particularly limited
and nitrogen or air may be used. The drymg time 1s not
particularly limited but, in the case of using the impregna-
tion method, the drying time is usually from about 2 to 4
hours.

The calcination treatment of the support after impregna-
tion and then drying can be performed at a temperature in the
range from 400 to 900° C., preferably from 500 to 700° C.
If the calcination temperature is less than 400° C., the
crystallization does not proceed sufficiently, whereas 1f it
exceeds 900° C., reduction in the specific surface area of the
support 1s disadvantageously incurred. The calcination time
1s not particularly limited but is suitably on the order of 1 to
10 hours, preferably from 2 to 4 hours. The calcination
temperature may be changed stepwise. A calcination treat-
ment over a long period of time 1s economically disadvan-
tageous because the effect 1s saturated, whereas a calcination
freatment 1n a short time may sometimes fail in yielding a
sufliciently high effect. The calcination can be performed
using a kiln or a muffle furnace and at this time, the flowing,
gas which can be used may be either nitrogen or air.

On the support obtained by the above-described
calcination, a rhodium salt 1s loaded. The rhodium salt which
can be used includes an inorganic acid salt (e.g., nitrate,
hydrochloride, sulfate) or an organic acid salt (e.g., oxalate,
acetate). Among these, nitrate 1s preferred. In the step of
loading a rhodium salt, for example, when a catalyst con-
taining three kinds of metals, namely, aluminum, magne-
stum and rhodium, as essential components 1s produced, the
rhodium salt 1s preferably supported on a support obtained
by the above-described method, in which at least a part of
aluminum forms a spinel crystalline composite oxide with
magnesium. However, the step of loading rhodium salt may
be performed simultancously with the step of impregnating,
and loading aluminum and magnesium on a support or with
the step of impregnating and loading magnesium on an
alumina support. The amount of rhodium supported i1s
preferably controlled to 0.05 to 10% by mass based on the
catalyst as a whole.

Similarly, 1n the step of loading a rhodium salt, for
example, when a catalyst containing two kinds of metals,
namely, aluminum and rhodium, and at least one metal
selected from the group consisting of zinc, 1rron, manganese
and nickel, as essential components 1s produced, the
rhodium salt 1s preferably supported on a support obtained
by the above-described method, in which at least a part of
aluminum forms a spinel crystalline composite oxide
together with the at least one metal selected from the group
consisting of zinc, iron, manganese and nickel. However, the
step of loading rhodium salt may be performed simulta-
neously with the step of impregnating and loading aluminum
and at least one metal selected from the group consisting of
zinc, 1ron, manganese and nickel on a support or with the
step of impregnating and loading at least one metal selected
from the group consisting of zinc, 1ron, manganese and
nickel on an alumina support. The amount of rhodium
supported 1s preferably controlled to 0.05 to 10% by mass
based on the catalyst as a whole.

Here, when a spinel crystalline composite oxide 1s pre-
viously formed by magnesium and at least a part of alumi-
num in the support used, the catalyst [3] can be produced by
loading a rhodium salt on this support in the same manner
as above. Furthermore, when a spinel crystalline composite
oxide 1s previously formed by at least a part of aluminum
and at least one metal selected from the group consisting of
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zinc, 1ron, manganese and nickel i the support used, the
catalyst [6] can be produced by loading a rhodium salt on
this support.

Subsequently, this catalyst precursor having supported
thereon rhodium 1s dried under the same drying conditions
as above and the dried catalyst precursor 1s calcined. The
calcination temperature here is preferably from 200 to 500°
C., more preferably from 300 to 400° C. The catalyst
obtained after the calcination may be used as a catalyst for
decomposing nitrous oxide but is preferably subjected to a
reduction treatment. By performing the reduction treatment,
a rhodium-containing catalyst having higher activity can be
obtained. The reduction treatment may be performed by, for
example, (1) a method where the catalyst precursor is
reduced with hydrazine, again dried and then calcined or (2)
a method of performing hydrogen reduction. Of these, the
method of performing hydrogen reduction 1s preferred. In
the case of using the hydrogen reduction method, the reduc-
tion temperature 1s preferably from 200 to 500° C., more
preferably from 300 to 400° C. The reduction time 1S not
particularly limited but 1s suitably on the order of 1 to 10
hours, preferably on the order of 2 to 4 hours. The reduction
treatment may be performed without passing through the
calcination treatment and also 1n this case, a rhodium-
containing catalyst having high activity can be obtained. In
the case of producing a catalyst by performing the reduction
treatment without passing through calcination, a hydrogen
reduction method at a temperature of 200 to 500° C. is
preferred.

(2) Production Process of Catalyst Using Co-Precipitation
Method

By using the co-precipitation method, the catalysts [3]
and [6] can be produced. According to the process for
producing the catalyst | 3] using the co-precipitation method,
for example, aqueous ammonia 15 added dropwise to an
aqueous solution containing nitrates of aluminum and mag-
nesium to cause neutralization precipitation, the precipitate
1s, 1f desired, ripened by allowing 1t to stand, then filtrated
and washed with water, and after confirming thorough
washing by the electric conductivity of the cleaning water,
dried for about 10 to 12 hours under the same condition as
in the impregnation method. The obtained dry material 1s
pulverized and graded to obtain the shaped material. The
shaped material 1s calcined 1n an atmosphere of nitrogen or
air under the same conditions as in the impregnation method,
as a result, a support in which a spinel crystalline composite
oxide 1s formed by at least a part of aluminum together with
magnesium, 1s obtained.

The amounts of aluminum and magnesium are preferably
controlled such that aluminum 1s 1in an atomic ratio of 2 or
more to magnesium, and the magnesium 1s preferably
contained, in terms of metal atom, in an amount of 0.1 to
20.0% by mass based on the catalyst as a whole. On the
thus-obtained support in which at least a part of aluminum
forms a spinel crystalline composite oxide together with
magnesium, a rhodium salt 1s loaded. The method therefor,
the amount supported and the treatment subsequent thereto
may be the same as 1n the above-described impregnation
method.

According to the process for producing the catalyst [6]
using the co-precipitation method, for example, aqueous
ammonia 1s added dropwise to an aqueous solution contain-
ing a nitrate of aluminum and a nitrate of at least one metal
selected from the group consisting of zinc, 1rron, manganese
and nickel to cause neutralization precipitation, the precipi-
tate 1s, if desired, ripened by allowing 1t to stand, then
filtrated and washed with water, and after confirming thor-
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ough washing by the electric conductivity of the cleaning
water, dried for about 10 to 12 hours under the same
condition as 1n the impregnation method. The obtained dry
material 1s pulverized and graded to obtain the shaped
material. The shaped material 1s calcined 1n an atmosphere
of nitrogen or air under the same conditions as in the
impregnation method, as a result, a support 1n which a spinel
crystalline composite oxide 1s formed by at least a part of
aluminum and the at least one metal selected from the group
consisting of zinc, 1iron, manganese and nickel, 1s obtained.

The amounts of aluminum and the at least one metal
selected from the group consisting of zinc, 1rron, manganese

and nickel are preferably controlled such that aluminum 1s 1n
an atomic ratio of 2 or more to the at least one metal selected

from the group consisting of zinc, 1iron, manganese and
nickel. The at least one metal selected from the group
consisting of zinc, 1ron, manganese and nickel 1s preferably
contained, 1n terms of metal atom, 1n an amount of 0.1 to
40.0% by mass based on the catalyst as a whole. On the
thus-obtained support in which at least a part of aluminum
forms a spinel crystalline composite oxide together with the
at least one metal selected from the group consisting of zinc,
iron, manganese and nickel, a rhodium salt 1s loaded. The
method therefor, the amount supported and the treatment
subsequent thereto may be the same as in the above-
described impregnation method.

(3) Production Process of Catalyst Using Kneading Method

By using a kneading method, the catalysts [3] and [6] can
be produced.

According to the process for producing the catalyst [3]
using the kneading method, for example, alumina and/or
aluminum hydroxide are mechanically mixed with magne-
stum oxide, magnesium hydroxide and/or magnesium salt
while adding, for example, water, 1if desired, and the
obtained mixture i1s dried and calcined under the same
conditions as i1n the impregnation method, whereby the
above-described spinel crystalline composite oxide can be
obtained. The amounts of aluminum and magnesium are
preferably controlled such that aluminum 1s 1n an atomic
ratio of 2 or more to magnesium, and the magnesium 1is
preferably contained, 1n terms of metal atom, 1n an amount
of 0.1 to 20.0% by mass based on the catalyst as a whole.

On the thus-obtained calcined product 1n which at least a
part of aluminum forms a spinel crystalline composite oxide
together with magnesium, a rhodium salt 1s loaded. The
method therefor, the amount supported and the treatment
subsequent thereto may be the same as 1n the impregnation
method described above. The rhodium salt may also be
added 1n advance at the time when alumina and the like are
mechanically mixed.

According to the process for producing the catalyst [6]
using the kneading method, for example, alumina and/or
aluminum hydroxide are mechanically mixed with an oxide,
hydroxide and/or salt of at least one metal selected from the
group consisting of zinc, 1ron, manganese and nickel while
adding, for example, water, 1if desired, and the obtained
mixture 1s dried and calcined under the same conditions as
in the impregnation method, whereby the above-described
spinel crystalline composite oxide can be obtained. The
amounts of aluminum and the at least one metal selected
from the group consisting of zinc, 1ron, manganese and
nickel are preferably controlled such that aluminum is 1n an
atomic ratio of 2 or more to the at least one metal selected
from the group consisting of zinc, 1ron, manganese and
nickel, and the at least one metal selected from the group
consisting of zinc, 1rron, manganese and nickel 1s preferably
contained, 1in terms of metal atom, in an amount of 0.1 to
40.0% by mass based on the catalyst as a whole.
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On the thus-obtained calcined product in which at least a
part of aluminum forms a spinel crystalline composite oxide
together with the at least one metal selected from the group
consisting of zinc, 1ron, manganese and nickel, a rhodium
salt 1s loaded. The method therefor, the amount supported
and the treatment subsequent thereto may be the same as 1n
the impregnation method described above. The rhodium salt
may also be added 1n advance at the time when alumina and
the like are mechanically mixed.

The method for decomposing nitrous oxide using the
decomposition catalyst of the present invention 1s described
below.

In the case of performing the decomposition reaction of
nitrous oxide using the decomposition catalyst of the present
invention, the reaction may be performed by contacting the
decomposition catalyst of the present invention with nitrous
oxide in a gas phase at a temperature of 200 to 600° C.,
preferably from 300 to 500° C., more preferably from 350 to
450° C. If the temperature is less than 200° C., the decom-
position of nitrous oxide does not proceed satisfactorily,

whereas if it exceeds 600° C., the catalyst life is readily
shortened and this 1s not preferred. The catalyst bed system
1s not particularly limited but mm general, a fixed bed 1is
preferably used.

Conventional catalysts using palladium are affected by
moisture and decrease 1n the catalytic activity and even if the
moisture 1s removed, the activity cannot be recovered. On
the other hand, the decomposition catalyst of the present
invention has properties such that the activity may decrease
slightly due to the presence of moisture in a concentration of
1 to 3%, but when the moisture 1s removed, the original
activity can be recovered.

The gas composition which can be decomposed using the
decomposition catalyst of the present invention 1s described
below. The concentration of nitrous oxide contained 1n an
exhaust gas discharged from factories or incineration facili-
ties 1s 10% or less and by using the decomposition catalyst
of the present invention, nitrous oxide contained in the
cxhaust gas at a concenftration of 1 ppm to 10% can be
decomposed. The concentration of nitrous oxide discharged
from an operating room by a waste anesthetic gas removing
apparatus 1s very high and from 3 to 70%. In the case of
decomposing nitrous oxide contained in an anesthetic gas,
the reaction proceeds usually 1n the presence of oxygen 1n a
concentration of 13 to 20% and the reaction conditions are
severe to the decomposition catalyst. As long as heat can be
ogradually removed and the temperature can be satisfactorily
controlled, the concentration of nitrous oxide subjected to
the decomposition treatment may not be particularly limited,
however, since the decomposition reaction of nitrous oxide
into nitrogen and oxygen 1s an exothermic reaction, the
concentration of nitrous oxide 1s suitably from 3 to 50%,
preferably from 3 to 25%, more preferably from 3 to 10%.

The space velocity (SV) as the amount of gas fed per unit

catalyst is suitably from 10 to 20,000 Hr™", preferably from
100 to 10,000 Hr ™.

BEST MODE FOR CARRYING OUT THE
INVENTION

The present invention 1s described 1n greater detail below
by referring to the Catalyst Preparation Examples, Nitrous
Oxide Decomposition Examples and Comparative
Examples, however, the present mmvention should not be
construed as being limited thereto.
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EXAMPLE 1

Catalyst Preparation Example 1

In 4.12 ¢ of distilled water, 0.052 ¢ of magnesium nitrate
(Mg (NO,),.6H,0) was dissolved. Thereto, 2.04 g of an
alumina support was added, impregnated with the entire
amount, and evaporation-dried to the bone 1n a hot bath at
90° C. The obtained support was dried in air at 120° C. for
12 hours, calcined at 400° C. for 3 hours in a nitrogen
stream, and subsequently calcined 1n a muflle furnace at
650° C. for 3 hours in an air stream to obtain a magnesium-
containing alumina support. With 2.08 ¢ of distilled water,
1.30 g of a 21.4% rhodium nitrate solution (Rh(NO,), aq.)
was mixed. Thereto, the magnesium-containing alumina
support prepared above was added, impregnated with the
whole amount and evaporation-dried to the bone 1n a hot
bath at 90° C. The obtained catalyst precursor was dried in
air at 120° C. for 12 hours and then subjected to hydrogen
reduction at 400° C. for 3 hours to obtain a catalyst con-
taining MgA120, where 5% by mass of Rh and 0.2% by

mass of Mg were supported on alumina.

EXAMPLE 2

Catalyst Preparation Example 2

In 300 g of distilled water, 21.40 ¢ of magnesium nitrate
(Mg(NO,),.6H,O ) and 62.52 ¢ of aluminum nitrate (Al
(NO,),.9H,0 ) were dissolved. Thereto, aqueous ammonia
was added while stirring to adjust the pH to 9, and the
precipitate produced was filtrated and washed. The obtained
precipitate was dried at 120° C. for 12 hours in an air stream,
pulverized, graded to 12 to 22 mesh, calcined at 400° C. for
3 hours 1n a nitrogen stream, and subsequently calcined 1n a
muffle furnace at 650° C. for 3 hours in an air stream to
obtain a spinel crystalline composite oxide. With 4.77 g of
distilled water, 8.17 g of a 21.4% rhodium nitrate solution
(Rh(NO;); aq.) was mixed. Thereto, the spinel crystalline
composite oxide prepared above was added, impregnated
with the whole amount, and evaporation-dried to the bone in
a hot bath at 90° C. The obtained catalyst precursor was
dried in air at 120° C. for 12 hours and then subjected to
hydrogen reduction at 400° C. for 3 hours to obtain a

MgAl,O, catalyst having supported thereon 5% by mass of
Rh and 17% by mass of Mg.

EXAMPLE 3

Catalyst Preparation Example 3

To 30.00 g of boehmite powder (produced by Condea), an
aqueous solution having dissolved therein 21.37 g of mag-
nesium nitrate (Mg(INO,),.6H,0O ) was added and kneaded
in a kneader. After the kneading, the kneaded material was
dried at 120° C. for 12 hours in an air stream, pulverized,
oraded to 12 to 22 mesh, calcined at 400° C. for 3 hours in
a nitrogen stream, and Subsequently calcined 1mn a mufile
furnace at 650° C. for 3 hours in an air stream to obtain a
spinel crystalline composite oxide.

With 3.14 g of distilled water, 3.32 g of a 21.4% rhodium
nitrate solution (Rh(NO;); aq.) was mixed. Thereto, the
spinel crystalline composite oxide prepared above was
added, impregnated with the whole amount, and
evaporation-dried to the bone in a hot bath at 90° C. The
obtained catalyst precursor was dried in air at 120° C. for 12
hours and then subjected to hydrogen reduction at 400° C.
for 3 hours to obtain a MgAl,O, catalyst having supported

thereon 5% by mass of Rh and 17% by mass of Mg.
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EXAMPLE 4

Catalyst Preparation Example 4

In 4.37 g of distilled water, 0.123 ¢ of zinc nitrate
(Zn(N03)2 6H,0) was dissolved. Thereto, 4.00 g of alumina
support was added and impregnated with the whole amount,
and evaporation-dried to the bone in a hot bath at 90° C. The
obtained support was dried in air at 120° C. for 12 hours,
calcined at 400° C. for 3 hours in a nitrogen stream, and
subsequently calcined in a muffle furnace at 650° C. for 3
hours 1n an air stream to obtain a zinc-containing alumina
support. With 1.78 ¢ of distilled water, 2.55 g of a 21.4%
rhodium nitrate solution (Rh(NO,), aq.) was mixed and
thereto, the zinc-containing alumina support prepared above
was added, impregnated with the whole amount, and
evaporation-dried to the bone in a hot bath at 90° C. The
obtained catalyst precursor was dried in air at 120° C. for 12
hours and then subjected to hydrogen reduction at 400° C.
for 3 hours to obtain a catalyst containing ZnAl,O, where
5% by mass of Rh and 0.7% by mass of Zn were supported
on alumina.

EXAMPLE 5

Catalyst Preparation Example 5

A catalyst containing FeAl,O, where 5% by mass of Rh
and 0.6% by mass of Fe were supported on alumina was

obtained in the same manner as in Example 4 except for
using 0.160 g of 1ron nitrate (Fe(NO,),.9H,0) in place of
zinc nitrate.

EXAMPLE 6

Catalyst Preparation Example 6

A catalyst containing MnAl,O, where 5% by mass of Rh
and 0.6% by mass of Mn were supported on alumina was
obtained 1n the same manner as 1n Example 4 except for
using 0.115 g of manganese nitrate (Mn(NO,),.6H,0) in
place of zinc nitrate.

EXAMPLE 7

Catalyst Preparation Example 7

A catalyst containing N1Al,O, where 5% by mass of Rh
and 0.6% by mass of N1 were supported on alumina was
obtained 1n the same manner as 1n Example 4 except for

using 0.116 g of nickel nitrate (Ni(NO5),.6H,0) in place of
zinc nitrate.

EXAMPLE 8

Catalyst Preparation Example 8

In 1.44 g of distilled water, 0.110 g of magnesium nitrate
(Mg(NO,),.6H,O ) and 0.322 g of aluminum nitrate (Al

(NO,),.9H,0 ) were dissolved. Thereto, 4.00 g of zirconia
support (produced by N. E. CHEMCAT) was added, impreg-
nated with the whole amount, and evaporation-dried to the
bone in a hot bath at 90° C. The obtained support was dried
at 120° C. for 12 hours 1n air, calcined at 400° C. for 3 hours
In a nitrogen stream, and subsequently calcined 1n a muffle
furnace at 650° C. for 3 hours 1n an air stream to obtain a
zirconia support containing magnesium and aluminum.

To 2.59 g of a 21.4% rhodium nitrate solution (Rh(NO;);
aq.), this zirconia support containing magnesium and alu-
minum was added, impregnated with the whole amount, and
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evaporation-dried to the bone in a hot bath at 90° C. The
obtained catalyst precursor was dried in air at 120° C. for 12
hours and then subjected to hydrogen reduction at 400° C.

for 3 hours to obtain a catalyst having supported 5% by mass
of Rh on MgAl,O,/ZrO, (Mg content: 0.2% by mass).

EXAMPLE 9

Catalyst Preparation Example 9

A catalyst having supported 5% by mass of Rh on
MgAl,0,/T10, (Mg content: 0.2% by mass) was obtained in
the same manner as in Example 8 except for using 4.00 g of
titania support (produced by Sakai Kagaku) in place of
zirconia support.

EXAMPLE 10

Catalyst Preparation Example 10

A catalyst having supported 5% by mass of Rh on
MgAl,0O,/Sn0O, (Mg content: 0.2% by mass) was obtained
in the same manner as 1n Example 8 except for using 4.00
g of tin oxide (produced by N. E. CHEMCAT) in place of

zirconia support.
EXAMPLE 11

Catalyst Preparation Example 11

In 300 g of distilled water, 0.258 ¢ of magnesium nitrate
(Mg(N5),.6H,0) 0.755 g of aluminum nitrate (AI(NO;)s;.
9H,0O) and 21.71 g of cerium nitrate (Ce(NO,),.6H,O) were
dissolved. Thereto, aqueous ammonia was added while
stirring to adjust the pH to 9 and the produced precipitate
was filtered and washed. The obtained precipitate was dried
at 120° C. for 12 hours 1n an air stream, pulverized, graded
to 12 to 22 mesh, calcined at 400° C. for 3 hours in a
nitrogen stream, and subsequently calcined in a mufile
furnace at 650° C. for 3 hours in an air stream to obtain a
spinel crystalline composite oxide. With 1.61 g of distilled
water, 2.76 g of a 21.4% rhodium nitrate solution (Rh(NO;);
aq.) was mixed and thereto, 4.0 g of the spinel crystalline
composite oxide prepared above was added, impregnated
with the whole amount, and evaporation-dried to the bone in
a hot bath at 90° C. The obtained catalyst precursor was
dried in air at 120° C. for 12 hours and then subjected to
hydrogen reduction at 400° C. for 3 hours to obtain a catalyst
having supported 5% by mass of Rh on MgAl,O,/CeO, (Mg
content: 0.3% by mass).

EXAMPLE 12

Catalyst Preparation Example 12

A catalyst having supported 5% by mass of Rh on
ZnAl,0O,/7ZrO, (Zn content: 0.5% by mass) was obtained in

the same manner as in Example 8 except for using 0.102 g
of zinc nitrate (Zn(NO,),.6H,O) in place of magnesium

nitrate and 0.249 g of aluminum nitrate (AI(NO5),.9H,0).

EXAMPLE 13

Catalyst Preparation Example 13

A catalyst having supported 5% by mass of Rh on
ZnAl,O,/Ti0, (Zn content: 0.9% by mass) was obtained in
the same manner as in Example 9 except for using 0.157 g
of zinc nitrate (Zn(NO;),.6H,0) in place of magnesium

nitrate and 0.404 g of aluminum nitrate (Al(NO;),.9H,0).
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EXAMPLE 14

Catalyst Preparation Example 14

A catalyst having supported 5% by mass of Rh on
ZnAl,0,/Sn0O, (Zn content: 0.5% by mass) was obtained in
the same manner as in Example 10 except for using 0.083 ¢
of zinc nitrate (Zn(NO,),.6H,O) in place of magnesium

nitrate and 0.203 g of aluminum nitrate (AI(NO;),.9H,0).
EXAMPLE 15

Catalyst Preparation Example 15

A catalyst having supported 5% by mass of Rh on
ZnAl,0O,/CeQO, (Zn content: 1.5% by mass) was obtained in
the same manner as 1n Example 11 except for using 0.600 g
of zinc nitrate (Zn(NO,),.6H,0O) in place of magnesium
nitrate.

EXAMPLE 16

Decomposition Example 1 of Nitrous Oxide

The catalyst obtained in Example 1 was packed into a
stainless steel-made tube having an inner diameter of 1.9 cm
to prepare a reactor. This reactor was placed 1n an electric
furnace. By setting the reaction temperature to 350° C. or
400° C. and the space velocity to 10,000 Hr™", a reaction gas
having a gas composition of N,O/O,/N,=5/20/75 (vol %)
was fed and the amount of nitrous oxide was analyzed by gas
chromatography at the reactor inlet and outlet. The results
are shown 1n Table 1. The total concentration of nitrogen
dioxide and nitrogen monoxide when the decomposition
percentage of nitrous oxide was >99% was measured by an
indicator tube and found to be <0.1 ppm.

EXAMPLE 17

Decomposition Example 2 of Nitrous Oxide

The evaluation of a catalyst was performed in the same
manner as 1n Example 16 except that the catalyst obtained in
Example 2 was used. The results are shown 1n Table 1. The
total concentration of nitrogen dioxide and nitrogen mon-
oxide was <0.1 ppm when the decomposition percentage of
nitrous oxide was >99%.

EXAMPLE 18

Decomposition Example 3 of Nitrous Oxide

The evaluation of a catalyst was performed in the same
manner as in Example 16 except that the catalyst obtained in
Example 3 was used. The results are shown 1n Table 1. The
total concentration of nitrogen dioxide and nitrogen mon-
oxide was 0.2 ppm when the decomposition percentage of
nitrous oxide was >99%.

EXAMPLE 19

Decomposition Example 4 of Nitrous Oxide

The evaluation of a catalyst was performed in the same
manner as 1n Example 16 except that the catalyst obtained in
Example 4 was used. The results are shown 1n Table 1. The
total concentration of nitrogen dioxide and nitrogen mon-
oxide was <0.1 ppm when the decomposition percentage of
nitrous oxide was >99%.

EXAMPLE 20

Decomposition Example 5 of Nitrous Oxide

The evaluation of a catalyst was performed in the same
manner as in Example 16 except that the catalyst obtained in
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Example 5 was used. The results are shown 1n Table 1. The
total concentration of nitrogen dioxide and nitrogen mon-
oxide was <0.1 ppm when the decomposition percentage of
nitrous oxide was >99%.

EXAMPLE 21

Decomposition Example 6 of Nitrous Oxide

The evaluation of a catalyst was performed 1n the same
manner as 1n Example 16 except that the catalyst obtained in
Example 6 was used. The results are shown 1n Table 1. The
total concentration of nitrogen dioxide and nitrogen mon-
oxide was <0.1 ppm when the decomposition percentage of
nitrous oxide was >99%.

EXAMPLE 22

Decomposition Example 7 of Nitrous Oxide

The evaluation of a catalyst was performed 1n the same
manner as 1n Example 16 except that the catalyst obtained 1n
Example 7 was used. The results are shown 1n Table 1. The
total concentration of nitrogen dioxide and nitrogen mon-
oxide was <0.1 ppm when the decomposition percentage of
nitrous oxide was >99%.

EXAMPLE 23

Decomposition Example 8 of Nitrous Oxide

The evaluation of a catalyst was performed 1n the same
manner as 1n Example 16 except that the catalyst obtained in
Example 8 was used. The results are shown 1n Table 1. The
total concentration of nitrogen dioxide and nitrogen mon-
oxide was <0.1 ppm when the decomposition percentage of
nitrous oxide was >99%.

EXAMPLE 24

Decomposition Example 9 of Nitrous Oxide

The evaluation of a catalyst was performed in the same
manner as 1n Example 16 except that the catalyst obtained 1n
Example 9 was used. The results are shown 1n Table 1. The
total concentration of nitrogen dioxide and nitrogen mon-
oxide was <0.1 ppm when the decomposition percentage of
nitrous oxide was >99%.

EXAMPLE 25

Decomposition Example 10 of Nitrous Oxade

The evaluation of a catalyst was performed 1n the same
manner as 1n Example 16 except that the catalyst obtained in
Example 10 was used. The results are shown in Table 1. The
total concentration of nitrogen dioxide and nitrogen mon-
oxide was <0.1 ppm when the decomposition percentage of
nitrous oxide was >99%.

EXAMPLE 26

Decomposition Example 11 of Nitrous Oxade

The evaluation of a catalyst was performed in the same
manner as 1n Example 16 except that the catalyst obtained 1n
Example 11 was used. The results are shown 1n Table 1. The
total concentration of nitrogen dioxide and nitrogen mon-
oxide was 0.2 ppm when the decomposition percentage of
nitrous oxide was >99%.

EXAMPLE 27

Decomposition Example 12 of Nitrous Oxide

The evaluation of a catalyst was performed 1n the same
manner as 1n Example 16 except that the catalyst obtained in
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Example 12 was used. The results are shown 1n Table 1. The
total concentration of nitrogen dioxide and nitrogen mon-
oxide was <0.1 ppm when the decomposition percentage of
nitrous oxide was >99%.

EXAMPLE 28

Decomposition Example 13 of Nitrous Oxide

The evaluation of a catalyst was performed in the same
manner as in Example 16 except that the catalyst obtained in
Example 13 was used. The results are shown 1n Table 1. The
total concentration of nitrogen dioxide and nitrogen mon-
oxide was <0.1 ppm when the decomposition percentage of
nitrous oxide was >99%.

EXAMPLE 29

Decomposition Example 14 of Nitrous Oxide

The evaluation of a catalyst was performed in the same
manner as in Example 16 except that the catalyst obtained 1n
Example 14 was used. The results are shown 1n Table 1. The
total concentration of nitrogen dioxide and nitrogen mon-
oxide was <0.1 ppm when the decomposition percentage of
nitrous oxide was >99%.

EXAMPLE 30

Decomposition Example 15 of Nitrous Oxide

The evaluation of a catalyst was performed in the same
manner as in Example 16 except that the catalyst obtained 1n
Example 15 was used. The results are shown 1n Table 1. The
total concentration of nitrogen dioxide and nitrogen mon-
oxide was 0.2 ppm when the decomposition percentage of
nitrous oxide was >99%.

COMPARAITIVE EXAMPLE 1

With 1.32 g of a 21.4% rhodium nitrate solution (Rh
(NO;); aq.), 2.18 g of distilled water was mixed. Thereto,
2.04 ¢ of an alumina support was added and evaporation-
dried to the bone in a hot bath at 90° C. The obtained support
was dried in air at 120° C. for 12 hours and then subjected
to hydrogen reduction at 400° C. for 3 hours to obtain a
catalyst where 5% by mass of Rh was supported on alumina.

COMPARAITIVE EXAMPLE 2

A catalyst where 5% by mass of Rh and 1.2% by mass of
[La were supported on alumina was obtamned in the same
manner as 1 Example 1 except for using 0.087 g of
lanthanum nitrate (La(NO5),.6H,0) in place of magnesium
nitrate.

COMPARAITIVE EXAMPLE 3

A catalyst where 5% by mass of Pd was supported on
alumina was obtained 1n the same manner as 1n Comparative

Example 1 except for using 0.29 ¢ of palladium nitrate-n-
hydrate (Pd(NO;),.nH,0) 1n place of rhodium nitrate.

COMPARATIVE EXAMPLE 4

The evaluation of a catalyst was performed in the same
manner as in Example 16 except that the catalyst obtained in
Comparative Example 1 was used. The results are shown 1n
Table 1. The total concentration of nitrogen dioxide and
nitrogen monoxide was 4 ppm when the decomposition
percentage of nitrous oxide was >99%.
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COMPARATIVE EXAMPLE 5

The evaluation of a catalyst was performed 1n the same
manner as 1n Example 16 except that the catalyst obtained in
Comparative Example 2 was used. The results are shown 1n
Table 1. The total concentration of nitrogen dioxide and
nitrogen monoxide was 12 ppm when the decomposition
percentage of nitrous oxide was >99%.

TABLE 1

Decomposition Percentage of

Nitrous Oxide (%) Amount of NOx

350° C. 400" C. Generated (ppm)

Example 16 >99 >99 <0.1
Example 17 >99 >99 <0.1
Example 18 >99 >99 0.2
Example 19 >99 >99 <0.1
Example 20 >99 >99 <0.1
Example 21 >99 >99 <0.1
Example 22 >99 >99 <0.1
Example 23 >99 >99 <0.1
Example 24 92 >99 <0.1
Example 25 =99 >99 <0.1
Example 26 90 >99 0.2
Example 27 >99 >99 <0.1
Example 28 92 >99 <0.1
Example 29 >99 >99 <0.1
Example 30 91 >99 0.2
Comparative >99 >99 4.0
Example 4

Comparative 97 >99 12
Example 5

Reaction conditions: N,O/O,/N, = 5/20/75, SV = 10,000 Hr*

EXAMPLE 31

Decomposition Example 16 of Nitrous Oxide

Into a reaction gas, 3% water vapor was added to allow a
decomposition reaction of nitrous oxide to proceed at 350°
C. for 3 hours. Thereafter, the feeding of water vapor was
stopped and the evaluation of the catalyst obtained in
Example 1 was performed 1n the same manner as in Example
16. The results are shown 1n Table 2. The decomposition
percentage of nitrous oxide at 350° C. was >99% both before
and after the addition of water vapor and thus, not changed.

COMPARATIVE EXAMPLE 6

The evaluation of a catalyst was performed 1n the same
manner as 1n Example 31 except that the catalyst obtained in
Comparative Example 3 was used. The results are shown 1n
Table 2. The decomposition percentage of nitrous oxide at
350° C. was 42% before the addition of water vapor and
decreased to 18% after the addition.

TABLE 2

Decomposition Percentage of
Nitrous Oxide at 350° C. (%)

After Treatment with
Water Vapor

Before Treatment with
Water Vapor

Example 31 =99 >99
Comparative 42 18
Example 6

Reaction conditions: N,O/O,/N, = 5/20/75, SV = 10,000 Hr™*
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Industrial Applicability

As described 1n the foregoing pages, by using the catalyst
for decomposing nitrous oxide of the present invention,
nitrous oxide contained 1n an exhaust gas discharged from
factories or incineration facilities or contained 1n an anes-
thetic gas can be efficiently decomposed at a relatively low
temperature and the amount of NOx generated at the decom-
position can be reduced.

What 1s claimed 1s:

1. A catalyst for decomposing nitrous oxide, comprising a
support having supported thereon rhodium, said support
consisting essentially of a spinel crystalline composite oxide
formed by magnesium and at least a part of aluminum,
wherein aluminum 1s contained 1n an atomic ratio of 2 or
more to magnesium, magnesium 1s contained 1n an amount
01 0.1 to 20.0% by mass based on the catalyst as a whole and
rhodium 1s contained in an amount of 0.05 to 10% by mass
based on the catalyst as a whole.

2. A process for producing a catalyst for decomposing
nitrous oxide described in claim 1, comprising the following
three steps:

(1) a step of loading aluminum and magnesium on a
support;

(2) a step of calcining the support having supported
thercon aluminum and magnesium obtained 1n the step
(1); and
(3) a step of loading rhodium on the calcined support
obtained in the step (2) and then calcining the support.
3. The process for producing a catalyst for decomposing
nitrous oxide as claimed 1n claim 2, wherein the support 1s
at least one support selected from the group consisting of
alumina, silica, zirconia, ceria, titania and tin oxide.
4. A process for producing a catalyst for decomposing
nitrous oxide described in claim 1, comprising the following
three steps:

(1) a step of loading magnesium on an alumina support;

(2) a step of calcining the support having supported
thereon magnesium obtained in the step (1);

(3) a step of loading rhodium on the calcined support

obtained in the step (2) and then calcining the support.

5. A process for producing a catalyst for decomposing

nitrous oxide described 1n claim 1, comprising the following
three steps:

(1) a step of neutralization-precipitating an aluminum salt
and a magnesium salt;

(2) a step of calcining the precipitate obtained in the step
(1); and
(3) a step of loading rhodium on the calcined material
obtained in the step (2) and then calcining the material.
6. A process for producing a catalyst for decomposing
nitrous oxide described 1n claim 1, comprising the following
three steps:

(1) a step of mixing alumina and/or aluminum hydroxide
with magnesium oxide, magnesium hydroxide and/or
magnesium salt;

(2) a step of calcining the mixture obtained in the step (1);
and

(3) a step of loading rhodium on the calcined material
obtained in the step (2) and then calcining the material.
7. A catalyst for decomposing nitrous oxide, comprising a
support having supported therecon rhodium, said support
comprising a spinel crystalline composite oxide formed by
at least a part of aluminum and at least one metal selected
from the group consisting of zinc, 1ron, manganese and
nickel.
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8. The catalyst for decomposing nitrous oxide as claimed
in claim 7, wherein aluminum 1s contained 1in an atomic ratio
of 2 or more to the at least one metal selected from the group
consisting of zinc, 1ron, manganese and nickel.

9. The catalyst for decomposing nitrous oxide as claimed
in claim 7, wherein the at least one metal selected from the
group consisting of zinc, iron, manganese and nickel is
contained in an amount of 0.1 to 40.0% by mass based on the

catalyst as a whole.
10. The catalyst for decomposing nitrous oxide as claimed

in claim 7, wherein rhodium is contained 1n an amount of
0.05 to 10% by mass based on the catalyst as a whole.

11. The catalyst for decomposing nitrous oxide as claimed
in claim 1 or 7, wherein the amount of NOx generated at the
decomposition of nitrous oxide 1s 1 ppm or less.

12. A process for producing a catalyst for decomposing
nitrous oxide described 1n claim 7, comprising the following

three steps:

(1) a step of loading aluminum and at least one metal
selected from the group consisting of zinc, iron, man-
ganese and nickel on a support;

(2) a step of calcining the support having supported
thereon aluminum and at least one metal selected from
the group consisting of zinc, iron, manganese and
nickel, obtained in the step (1); and

(3) a step of loading rhodium on the calcined support

obtained in the step (2) and then calcining the support.

13. The process for producing a catalyst for decomposing
nitrous oxide as claimed 1n claim 12, wherein the support 1s
at least one support selected from the group consisting of
alumina, zirconia, ceria, titania and tin oxide.

14. The process for producing a catalyst for decomposing
nitrous oxide as claimed 1n claim 12, wherein aluminum 1s
supported 1n an atomic ratio of 2 or more to the at least one
metal selected from the group consisting of zinc, 1ron,
manganese and nickel.

15. The process for producing a catalyst for decomposing
nitrous oxide as claimed m claim 12, wherein the amount
supported of the at least one metal selected from the group
consisting of zinc, 1rron, manganese and nickel 1s from 0.1 to
40.0% by mass based on the catalyst as a whole.

16. The process for producing a catalyst for decomposing
nitrous oxide as claimed 1n claim 12, wherein the amount of
rhodium supported 1s from 0.05 to 10% by mass based on the
catalyst as a whole.

17. A process for producing a catalyst for decomposing
nitrous oxide described 1n claim 7, comprising the following
three steps:

(1) a step of loading at least one metal selected from the
group consisting of zinc, iron, manganese and nickel on
an alumina support;

(2) a step of calcining the support having supported
thercon at least one metal selected from the group
consisting of zinc, 1ron, manganese and nickel,

obtained in the step (1);

(3) a step of loading rhodium on the calcined support

obtained in the step (2) and then calcining the support.

18. The process for producing a catalyst for decomposing
nitrous oxide as claimed in claim 17, wherein the amount
supported of at least one metal selected from the group
consisting of zinc, iron, manganese and nickel 1s Y% or less
in terms of the atomic ratio to aluminum.

19. The process for producing a catalyst for decomposing
nitrous oxide as claimed i claim 17, wherein the amount
supported of the at least one metal selected from the group
consisting of zinc, 1iron, manganese and nickel 1s from 0.1 to
40.0% by mass based on the catalyst as a whole.
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20. The process for producing a catalyst for decomposing
nitrous oxide as claimed 1n claim 17, wherein the amount of
rhodium supported 1s from 0.05 to 10% by mass based on the
catalyst as a whole.

21. A process for producing a catalyst for decomposing
nitrous oxide described 1n claim 7, comprising the following
three steps:

(1) a step of neutralization-precipitating an aluminum salt

and at least one metal salt selected from the group
consisting of zinc, iron, manganese and nickel;

(2) a step of calcining the precipitate obtained in the step
(1); and

(3) a step of loading rhodium on the calcined material
obtained in the step (2) and then calcining the material.

22. The process for producing a catalyst for decomposing

nitrous oxide as claimed 1n claim 21, wherein aluminum 1s
contained 1n an atomic ratio of 2 or more to the at least one
metal selected from the group consisting of zinc, iron,
manganese and nickel.

23. The process for producing a catalyst for decomposing
nitrous oxide as claimed 1n claim 21, wherein at least one
metal selected from the group consisting of zinc, iron,
manganese and nickel 1s contained 1in an amount of 0.1 to
40.0% by mass based on the catalyst as a whole.

24. The process for producing a catalyst for decomposing
nitrous oxide as claimed 1n claim 21, wherein the amount of
rhodium supported 1s from 0.05 to 10% by mass based on the
catalyst as a whole.

25. A process for producing a catalyst for decomposing
nitrous oxide described 1n claim 7, comprising the following
three steps:

(1) a step of mixing alumina and/or aluminum hydroxide
with an oxide, a hydroxide and/or a metal salt of at least
one metal selected from the group consisting of zinc,
iron, manganese and nickel;

(2) a step of calcining the mixture obtained in the step (1);
and

(3) a step of loading rhodium on the calcined material

obtained in the step (2) and then calcining the material.

26. The process for producing a catalyst for decomposing
nitrous oxide as claimed 1n claim 25, wherein aluminum 1s
contained 1n an atomic ratio of 2 or more to the at least one
metal selected from the group consisting of zinc, iron,
manganese and nickel.

27. The process for producing a catalyst for decomposing
nitrous oxide as claimed 1n claim 25, wherein the at least one
metal selected from the group consisting of zinc, iron,
manganese and nickel 1s contained 1in an amount of 0.1 to
40.0% by mass based on the catalyst as a whole.

28. The process for producing a catalyst for decomposing
nitrous oxide as claimed 1n claim 25, wherein the amount of
rhodium supported 1s from 0.05 to 10% by mass based on the
catalyst as a whole.

29. The process for producing a catalyst for decomposing
nitrous oxide as claimed inclaim 2,4, 5, 6, 12,17, 21, or 25,
wherein the calcining temperature in the step (2) is from 400
to 9000° C.

30. The process for producing a catalyst for decomposing
nitrous oxide as claimed inclaim 2,4, 5, 6, 12,17, 21, or 25,
wherein the calcining temperature in the step (3) is from 200
to 5000° C.

31. The process for producing a catalyst for decomposing
nitrous oxide as claimed 1in claim 2, 4, 5, 6, 12,17, 21, or 25,
wherein a reduction treatment step i1s performed after the
step (3).

32. The process for producing a catalyst for decomposing
nitrous oxide as claimed 1n claim 31, wherein the reduction
treatment step 1s hydrogen reduction treatment step.
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33. The process for producing a catalyst for decomposing
nitrous oxide as claimed 1n claim 32, wherein the hydrogen
reduction treatment temperature is from 400 to 900° C.

34. A method for decomposing nitrous oxide, comprising
contacting the catalyst for decomposing nitrous oxide
described 1n any one of claims 1 and 7 to 10 with a gas
containing nitrous oxide.

35. The method for decomposing nitrous oxide as claimed
in claim 34, wherein the contacting temperature 1s from 200
to 600° C.

36. The method for decomposing nitrous oxide as claimed
in claim 34, wherein the gas decomposed 1s nitrous oxide
contained 1 an anesthetic gas and the concentration of
nitrous oxide 1s 70% or less.

37. The method for decomposing nitrous oxide as claimed
in claim 34, wherein the gas decomposed 1s nitrous oxide
contained 1n an exhaust gas discharged from factories or
incineration facilities and the concentration of nitrous oxide
1s 10% or less.

38. The method for decomposing nitrous oxide as claimed
in claim 34, wherein the amount of NOx generated at the
decomposition of nitrous oxide 1s 1 ppm or less.

39. A catalyst for decomposing nitrous oxide, comprising
a support having supported thereon aluminum, rhodium and
at least one metal selected from the group consisting of zinc,
iron, manganese and nickel, and at least a part of aluminum
forms a spinel crystalline composite oxide with at least one
metal selected from the group consisting of zinc, 1ron,
manganese and nickel.
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40. The catalyst for decomposing nitrous oxide as claimed
in claim 39, wherein the support 1s at least one support
selected from the group consisting of alumina, zirconia,
ceria, titania and tin oxide.

41. A catalyst for decomposing nitrous oxide, comprising,
an alumina support having supported thereon rhodium and at
least one metal selected from the group consisting of zinc,
iron, manganese and nickel, and at least a part of aluminum
forms a spinel crystalline composite oxide with at least one
metal selected from the group consisting of zinc, iron,
manganese and nickel.

42. The catalyst for decomposing nitrous oxide as claimed
i claim 39 or 41, wherein aluminum 1s contamned 1n an
atomic ratio of 2 or more to the at least one metal selected
from the group consisting of zinc, 1ron, manganese and
nickel.

43. The catalyst for decomposing nitrous oxide as claimed
in claim 39 or 41, wherein the at least one metal selected
from the group consisting of zinc, 1ron, manganese and
nickel 1s contained 1 an amount of 0.1 to 40.0% by mass
based on the catalyst as a whole.

44. The catalyst for decomposing nitrous oxide as claimed
m claim 39 or 41, wherein rhodium 1s contained i an
amount of 0.05 to 10% by mass based on the catalyst as a
whole.

45. The catalyst for decomposing nitrous oxide as claimed
in claim 39 or 41, wherein the amount of NOx generated at

the decomposition of nitrous oxide 1s 1 ppm or less.
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